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SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor device, 

and particularly to a structure of a semiconductor device 

incorporating an IGBT (Insulated Gate Bipolar Transistor). 
More particularly, the present invention relates to a structure 
for reducing an occupation area of a semiconductor device 
containing a P-channel MOS transistor (insulated gate ?eld 
effect transistor) provided for improving tum-off character 
istics of the IGBT While maintaining breakdown voltage 
characteristics of the semiconductor device. 

2. Description of the Background Art 
The IGBT (Insulated Gate Bipolar Transistor) has been 

knoWn as a poWer device handling a large electric poWer. The 
IGBT contains an MOS transistor (insulated gate ?eld effect 
transistor) to control the base current of the bipolar transistor, 
in vieW of an equivalent circuit. The IGBT has both of an 
advantage of fast sWitching characteristics of the MOS tran 
sistor and an advantage of high-voltage/large-current pro 
cessing capacity of the bipolar transistor. 

In the IGBT, a loW on-voltage and a loW sWitching loss are 
required for reducing a poWer loss. Generally, in turn-on of 
the IGBT, holes of minority carriers are injected from a P-type 
collector layer into an N-type base layer (drift layer), and a 
conductivity modulation of an N-drift layer is caused to loWer 
a resistance of the drift layer. When the N-type base layer 
(drift layer) has the resistance loWered through the conduc 
tivity modulation, more electrons are injected from an emitter 
layer and the IGBT rapidly transits into the on state (conduc 
tive state). 

In the on state, a collector-to-emitter voltage (on-voltage) 
is substantially applied across this N-type base layer. In order 
to reduce this on-voltage, a majority carrier current in the drift 
layer is increased to decrease the resistance value of the drift 
layer. In turn-off, hoWever, excessive carriers in the drift layer 
must be entirely discharged externally from the IGBT or must 
be annihilated through recombination of electrons and holes. 
Therefore, When a large amount of excessive carriers are 
present, a current continues to How until the carriers are 
discharged, resulting in increased tum-off loss. 

Patent documents 1 and 2 (Japanese Patent Laying-Open 
Nos. 2003-158269 and 2005-109394) disclose structures for 
reducing the tum-off loss of the IGBT to rapidly turn off it. 

In Patent document 1 (Japanese Patent Laying-Open No. 
2003-158269), an insulated gate type control electrode is 
provided at a surface of a drift layer of an IGBT. In tum-off of 
the IGBT, a potential of this insulated gate type control elec 
trode is adjusted to absorb holes produced in the drift layer, 
for suppressing occurrence of a tail current in the turn-off. 

In the insulated gate type control electrode disclosed in 
Patent document 1, the gate insulating ?lm has a thickness, 
e.g., of 5 nm to 30 nm and the holes are forcedly extracted out 
through a tunneling phenomenon or an avalanche phenom 
enon. 

In the structure disclosed in Patent document 2 (Japanese 
Patent Laying-Open No. 2005-109394), a P-channel MOS 
transistor (insulated gate ?eld effect transistor) is arranged 
betWeen a collector electrode node and a base of a bipolar 
transistor. An N-channel MOS transistor for controlling a 
base current of the bipolar transistor is arranged in series With 
the P-channel MOS transistor. 

The P-channel MOS transistor is kept non-conductive dur 
ing the operation (on state) of the IGBT, and is set conductive 
in tum-off to bypass a hole current ?oWing into the bipolar 
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2 
transistor from the collector electrode. The holes are pre 
vented from being injected into the base layer from the col 
lector electrode in the tum-off, and residual carriers (holes) 
are rapidly discharged from the drift layer (base layer) of the 
bipolar transistor, to reduce the sWitching loss. Thus, the loW 
sWitching loss and the fast operation in the tum-off may be 
achieved, While maintaining the loW on-voltage of the IGBT. 

In the structure disclosed in Patent document 2, the gate 
insulating ?lm of the P-channel MOS transistor has a thick 
ness that ensures a gate Withstanding voltage equal to or 
larger than, e. g., an element Withstanding voltage of the ?eld 
insulating ?lm or the like, in order to ensure the Withstanding 
voltage during the off state. 

In Patent document 1 as described above, the insulated gate 
control electrode arranged at the surface of the drift layer 
(base layer) is used for discharging the holes in the turn-off, 
utiliZing the tunneling phenomenon or the avalanche phe 
nomenon. In this case, a high voltage is applied across the 
insulating ?lm of 5 nm to 30 nm in thickness located under the 
control electrode, and such a problem may be caused that the 
breakdoWn characteristics of this insulating ?lm are liable to 
deteriorate. 

In the structure disclosed in Patent document 1, the insu 
lated gate type control electrode is arranged independently of 
the control electrode (the gate of the MOS transistor) control 
ling the turn-on and turn-off of the IGBT. Thus, such a prob 
lem may be caused that adjustment betWeen the timing of the 
turn-on/tum-off of the IGBT and the timing of the voltage 
application to the insulated gate control electrode may 
become dif?cult. 

In the structure disclosed in Patent document 2 as described 
above, the gate electrode of the P-channel MOS transistor is 
?xed to the ground level, or the gate voltages of both the P 
and N-channel MOS transistors are controlled according to 
the output signal of a common same control circuit. 

While the IGBT is off (non-conductive), the P-channel 
MOS transistor is kept on (conductive). In this state, the gate 
electrode of the P-channel MOS transistor is supplied With a 
voltage similar in level to a voltage on the emitter electrode. 
Therefore, When the P-channel MOS transistor turns on, the 
gate thereof receives a high voltage similar in level to a 
collector to emitter voltage Vce. Therefore, for the gate insu 
lating ?lm, the P-channel MOS transistor has a thick insulat 
ing ?lm of a thickness larger than or equal to, e.g., a thickness 
of the ?eld insulating ?lm, for ensuring the Withstanding 
voltage. Consequently, this P-channel MOS transistor has a 
larger height than N-channel MOS transistors at a periphery 
thereof, resulting in a problem that a large step or difference 
in level occurs in the IGBT. Since the P-channel MOS tran 
sistor receives the high voltage, a su?icient distance must be 
kept from the surrounding impurity regions for ensuring the 
insulation With respect to the impurity regions, Which results 
in undesired increase of the occupation area of the device. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a semicon 
ductor device that can maintain a loW on-resistance, a loW 
sWitching loss and breakdoWn characteristics, and further can 
reduce an occupation area of the element of the device. 

Brie?y stated, a semiconductor device according to a ?rst 
aspect of the invention includes a bipolar transistor; a ?rst 
insulated gate ?eld effect transistor controlling a base current 
of the bipolar transistor according to a control signal; a second 
insulated gate ?eld effect transistor to short-circuit a base and 
an emitter of the bipolar transistor upon turn off of the bipolar 
transistor; and a voltage mitigating element for mitigating a 
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voltage applied across a gate insulating ?lm of the second 
insulated gate ?eld effect transistor upon turn off of the 
device. 

The voltage mitigating element is preferably a diode ele 
ment of a PN junction type or a junction-type ?eld effect 
transistor. 

Another aspect of the invention provides a structure of a 
semiconductor device formed according to a ?rst aspect. 
Brie?y stated, the semiconductor device according to the 
second aspect has a semiconductor region for forming a bipo 
lar transistor, a ?rst insulated gate ?eld effect transistor for 
controlling on and off of the bipolar transistor, and a second 
insulated gate ?eld effect transistor for short-circuiting an 
emitter and a base of this bipolar transistor upon turn off of the 
bipolar transistor, and a voltage mitigating element formed at 
a different region on a common semiconductor substrate 

region. The voltage mitigating element mitigates a voltage 
applied to a gate insulating ?lm of the second insulated gate 
?eld effect transistor upon turn off of the bipolar transistor. 
This voltage mitigating element includes the semiconductor 
substrate region as a part of components thereof, and is con 
?gured to utiliZe a punch-through in the semiconductor sub 
strate region. 

In an embodiment, a semiconductor device according to 
another aspect of the invention includes a semiconductor 
substrate region of a ?rst conductivity type; a ?rst semicon 
ductor region of a second conductivity type formed at a sur 
face of the semiconductor substrate region; a second semi 
conductor region of the second conductivity type formed at 
the surface of the semiconductor substrate region and spaced 
from the ?rst semiconductor region; a third semiconductor 
region of the ?rst conductivity type adjacent to the ?rst semi 
conductor region; a fourth semiconductor region of the ?rst 
conductivity type formed on the second semiconductor 
region and on a surface of a part of the ?rst semiconductor 
region; a ?rst impurity region of the second conductivity type 
formed at a partial region of a surface of the fourth semicon 
ductor region; a ?rst electrode layer electrically connected to 
the fourth semiconductor region and the ?rst impurity region; 
a second electrode layer formed on the fourth semiconductor 
region betWeen the ?rst impurity region and the ?rst semi 
conductor region and on a part of the ?rst semiconductor 
region With a ?rst insulating ?lm formed in betWeen; second 
and third impurity regions of the ?rst conductivity type 
formed at a surface of the ?rst semiconductor region, spaced 
from the fourth semiconductor region and spaced from each 
other; a fourth impurity region of the second conductivity 
type formed at the surface of the ?rst semiconductor region 
and adjacent to the third impurity region; a third electrode 
layer electrically connected to the second impurity region; a 
fourth electrode layer formed on the surface of the ?rst semi 
conductor region located betWeen the second and third impu 
rity regions With a second insulating ?lm formed in betWeen; 
a ?fth electrode layer electrically connected to the third and 
fourth impurity regions; and a ?fth impurity region of the 
second conductivity type formed at the surface of the second 
semiconductor region and electrically coupled to the fourth 
electrode layer. 

In another embodiment, a semiconductor device according 
to another aspect of the invention includes a semiconductor 
substrate region of a ?rst conductivity type; ?rst and second 
semiconductor regions of a second conductivity type formed 
at a surface of the semiconductor substrate region and spaced 
from each other; a third semiconductor region of the ?rst 
conductivity type formed in contact With the ?rst semicon 
ductor region; a fourth semiconductor region of the ?rst con 
ductivity type formed on the third semiconductor region and 
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4 
on a surface of a part of the ?rst semiconductor region; a ?rst 
impurity region of the second conductivity type formed at a 
surface of a part of the fourth semiconductor region; a ?rst 
electrode layer electrically connected to the fourth semicon 
ductor region and the ?rst impurity region; a second electrode 
layer formed on the fourth semiconductor region located 
betWeen the ?rst impurity region and the ?rst semiconductor 
region and on the ?rst semiconductor region With a ?rst 
insulating ?lm formed in betWeen; second and third impurity 
regions of the ?rst conductivity type formed at the surface of 
the ?rst semiconductor region, spaced from the fourth semi 
conductor region and spaced from each other; a third elec 
trode layer electrically connected to the second impurity 
region; a fourth electrode layer formed on the surface of the 
?rst semiconductor region located betWeen the second and 
third impurity regions With a second insulating ?lm formed in 
betWeen; a fourth impurity region of the second conductivity 
type formed at the surface of the ?rst semiconductor region 
and adjacent to the third impurity region; a ?fth electrode 
layer electrically connected to the third and fourth impurity 
regions; and a ?fth impurity region of the ?rst conductivity 
type spaced from the third and fourth impurity regions, 
located on a surface of a part of each of the ?rst and second 
semiconductor regions, formed continuously over the semi 
conductor substrate region located betWeen the ?rst and sec 
ond semiconductor regions, and electrically connected to the 
fourth electrode layer. 

In still another embodiment, a semiconductor device 
according to another aspect of the invention includes a semi 
conductor substrate region of a ?rst conductivity type; ?rst 
and second semiconductor regions of a second conductivity 
type formed at a surface of the semiconductor substrate 
region and spaced from each other; a third semiconductor 
region of the ?rst conductivity type formed in contact With the 
?rst semiconductor region; a fourth semiconductor region of 
the ?rst conductivity type formed on the third semiconductor 
region and on a surface of a part of the ?rst semiconductor 
region; a ?rst impurity region of the second conductivity type 
formed at a surface of a part of the fourth semiconductor 
region; a ?rst electrode layer electrically connected to the 
fourth semiconductor region and the ?rst impurity region; a 
second electrode layer formed on the fourth semiconductor 
region located betWeen the ?rst impurity region and the ?rst 
semiconductor region and on the ?rst semiconductor region 
With a ?rst insulating ?lm formed in betWeen; second and 
third impurity regions of the ?rst conductivity type formed at 
the surface of the ?rst semiconductor region, spaced from the 
fourth semiconductor region and spaced from each other; a 
third electrode layer electrically connected to the second 
impurity region; a fourth electrode layer formed on the sur 
face of the ?rst semiconductor region located betWeen the 
second and third impurity regions With a second insulating 
?lm formed in betWeen; a fourth impurity region of the sec 
ond conductivity type formed at the surface of the ?rst semi 
conductor region and adjacent to the third impurity region; a 
?fth electrode layer electrically connected to the third and 
fourth impurity regions; a ?fth semiconductor region of the 
?rst conductivity type located betWeen the ?rst and second 
semiconductor regions and being coupled to the semiconduc 
tor substrate region; a ?fth impurity region of the ?rst con 
ductivity type formed at the surface of the ?fth semiconductor 
region and electrically coupled to the fourth electrode layer; 
and ?rst and second buried semiconductor regions of the 
second conductivity type formed betWeen the semiconductor 
substrate region and the ?rst semiconductor region and 
betWeen the semiconductor substrate region and the second 
semiconductor region, respectively, and spaced from each 
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other. The ?fth semiconductor region is coupled to the semi 
conductor substrate region via a region betWeen the ?rst and 
second buried semiconductor regions. 
By mitigating the gate voltage of the second insulated gate 

?eld effect transistor, it is possible to reduce the gate insulat 
ing ?lm thickness of the second insulated gate ?eld effect 
transistor, and it is also possible to reduce a length of the 
region for ensuring the Withstanding voltage With respect to a 
peripheral region. Therefore, the semiconductor device of a 
small occupation area can be implemented While ensuring a 
loW sWitching loss and a loW on-voltage. 

This voltage mitigating element is formed in a region other 
than the region Where the insulated gate ?eld effect transistor 
is formed, such that a part of the semiconductor substrate 
region may be used as a part of the region of the mitigating 
element. Thus, it is possible to mitigate reliably the voltage 
applied across the gate insulating ?lm of the insulated gate 
?eld effect transistor by the simple circuit structure Without 
adversely affecting the arrangement of the components of the 
IGBT. 

The foregoing and other objects, features, aspects and 
advantages of the present invention Will become more appar 
ent from the folloWing detailed description of the present 
invention When taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs an electrically equivalent circuit of a semi 
conductor device according to a ?rst embodiment of the 
invention. 

FIG. 2 schematically shoWs parasitic components of the 
semiconductor device according to the ?rst embodiment of 
the invention. 

FIG. 3 schematically shoWs a sectional structure of the 
semiconductor device according to the ?rst embodiment of 
the invention. 

FIG. 4 shoWs an electrically equivalent circuit of a semi 
conductor device according to a second embodiment of the 
invention. 

FIG. 5 schematically shoWs a sectional structure of the 
semiconductor device according to the second embodiment 
of the invention. 

FIG. 6 shoWs an electrically equivalent circuit of a semi 
conductor device according to a third embodiment of the 
invention. 

FIG. 7 shoWs an electrically equivalent circuit of a semi 
conductor device according to a fourth embodiment of the 
invention. 

FIG. 8 schematically shoWs a sectional structure of the 
semiconductor device according to the fourth embodiment of 
the invention. 

FIG. 9 shoWs an electrically equivalent circuit of a semi 
conductor device according to a ?fth embodiment of the 
invention. 

FIG. 10 shoWs an electrically equivalent circuit of a modi 
?cation of a semiconductor device according to a ?fth 
embodiment of the invention. 

FIG. 11 shoWs an electrically equivalent circuit of a semi 
conductor device according to a sixth embodiment of the 
invention. 

FIG. 12 schematically shoWs a sectional structure of the 
semiconductor device according to the sixth embodiment of 
the invention. 

FIG. 13 schematically shoWs a sectional structure of a 
modi?cation of the semiconductor device according to the 
sixth embodiment of the invention. 
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6 
FIG. 14 shoWs an electrically equivalent circuit of a semi 

conductor device according to a seventh embodiment of the 
invention. 

FIG. 15 schematically shoWs a sectional structure of the 
semiconductor device according to the seventh embodiment 
of the invention. 

FIG. 16 shoWs an electrically equivalent circuit of a semi 
conductor device according to an eighth embodiment of the 
invention. 

FIG. 17 schematically shoWs a sectional structure of the 
semiconductor device according to the eighth embodiment of 
the invention. 

FIG. 18 shoWs an electrically equivalent circuit of a semi 
conductor device according to a ninth embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

FIG. 1 shoWs an electrically equivalent circuit of a semi 
conductor device according to a ?rst embodiment of the 
invention. Referring to FIG. 1, the semiconductor device 
includes a PNP bipolar transistor (?rst bipolar transistor) BT, 
an N-channel MOS transistor (?rst insulated gate ?eld effect 
transistor) NQ for controlling a base current of the PNP 
bipolar transistor BT, and a P-channel MOS transistor (sec 
ond insulated gate ?eld effect transistor) PQ for blocking 
carrier injection upon turn off of bipolar transistor BT. 

Bipolar transistor BT has an emitter region (?rst conduc 
tion node) connected to a collector electrode node (?rst elec 
trode node) 3 and a collector region (second conduction node) 
connected to an emitter electrode node (second electrode 
node) 4. MOS transistor NQ has a source coupled to emitter 
electrode node 4, a gate electrode node 7 receiving a control 
signal Vg1 and a drain connected to a base region 5 of bipolar 
transistor BT. MOS transistor NQ has a back gate (substrate) 
and a source coupled to each other. 
MOS transistor PQ has a source region (third conduction 

node) connected to collector electrode node 3, and has a 
substrate (back gate) and a drain (fourth conduction node) 
both connected to base electrode node (base node) 5 of bipo 
lar transistor BT. A circuit section 2 formed of bipolar tran 
sistor BT and MOS transistor NQ corresponds to an electri 
cally equivalent circuit of a general IGBT. In the folloWing 
description, the “IGBT” refers to the section represented by 
the block 2. 
The semiconductor device shoWn in FIG. 1 further 

includes a voltage mitigating element 1 connected betWeen a 
gate electrode node 6 of MOS transistor PO and emitter 
electrode node 4. Voltage mitigating element 1 mitigates the 
voltage applied across the gate insulating ?lm of MOS tran 
sistor PQ in turn off of MOS transistor PQ. 

Voltage mitigating element 1 in the ?rst embodiment is 
formed of a PN junction diode (diode element) Di. PN junc 
tion diode Di has a cathode connected to gate electrode node 
6 of MOS transistor PO and an anode connected to emitter 
electrode node 4. 

It is noW considered the state Where an inductive load LL is 
connected to collector electrode node 3 of the semiconductor 
device as shoWn in FIG. 2. Inductive load LL is connected 
betWeen a poWer supply node supplying a high-side voltage 
Vh and collector electrode node 3. A gate capacitance Cg is 
present betWeen gate electrode node 6 of MOS transistor PO 
and collector electrode node 3. A parasitic capacitance Cd by 
a PN junction is present in diode element Di. 
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In the arrangement shown in FIG. 2, when an IGBT 2 is 
turned on, due to a component (L~(di/dt)) of inductive load 
LL, most of high-side voltage Vh is applied across inductive 
load LL, and a collector potential Vc of collector electrode 
node 3 rapidly lowers. When IGBT 2 is turned off, collector 
potential Vc of collector electrode node 3 attains substantially 
the same level as high-side voltage Vh. It is now assumed that 
MOS transistor PQ has an absolute value, Vthp, of a threshold 
voltage (which will be simply referred to as a “threshold 
voltage Vthp” hereinafter). Also, an emitter potential Ve of 
emitter electrode node 4 is set to a lowest voltage level among 
the voltages usually applied to the semiconductor device. 

In the following description, the “conductive state” and the 
“non-conductive state” represent the same means as the “on 
state” and the “off state”, respectively. However, the terms of 
“conductive state” and the “nonconductive state” are used for 
particularly enhancing the presence and absence of the cur 
rent, respectively. 
When IGBT 2 is to turn on, control voltage Vg1 is set to an 

H level (logical high level) and applied to gate electrode node 
7 of MOS transistor NO to turn on MOS transistor NQ. 
Accordingly, bipolar transistor ET is supplied with a base 
current and attains the conductive state so that IGBT 2 is 
turned on. When IGBT 2 is turned on, a potential Vg2 of gate 
electrode node 6 of MOS transistor PQ lowers with lowering 
of collector potential Vc of collector electrode node 3, 
depending on capacitance values of capacitances Cg and Cd. 
When gate potential Vg2 of gate electrode node 6 attains a 
level of emitter potential Ve of emitter electrode node 4, a 
forward bias operation of diode element Di suppresses poten 
tial lowering of gate potential Vg2 of gate electrode node 6, 
and diode Di clamps the lowest potential of gate potential 
Vg2. 

In the turn-on of IGBT 2, when a difference (V c-Vg2) 
between collector potential Vc of collector electrode node 3 
and gate potential Vg2 of gate electrode node 6 becomes 
equal to or lower than threshold voltage Vthp of MOS tran 
sistor PQ or the condition of (V c—Vg2<Vthp) is satis?ed, 
MOS transistor PQ turns off. In the turn-on operation, there 
fore, an operation of restricting the hole injection into PNP 
bipolar transistor ET is not performed. 

In the turn-off operation of IGBT 2, control voltage Vg1 
applied to gate electrode node 7 of MOS transistor NO is set 
to, e.g., 0 V, and MOS transistor NO is turned off. Accord 
ingly, the supply of the base current to bipolar transistor BT 
stops, and NPN bipolar transistor BT transits to the off state. 
Collector potential Vc of collector electrode node 3 rises 
according to the transition of bipolar transistor BT to the off 
state. Through parasitic capacitances Cg and Cd, gate poten 
tial Vg2 rises in response to the rising of collector potential 
Vc. 

In the turn-off operation of IGBT 2, when a difference 
(Vc-Vg2) between collector potential Vc and gate potential 
Vg2 exceeds the threshold voltage of MOS transistor PQ, 
MOS transistor PO is turned on to short-circuit the emitter 
region and base region (base electrode node 5) of PNP bipolar 
transistor BT. Accordingly, MOS transistor PQ discharges the 
current ?owing from collector electrode node 3, and the sup 
ply of holes to PNP bipolar transistor ET is blocked. 

In the turn-off, since the supply of holes to the emitter 
region of PNP bipolar transistor ET is blocked, collector 
potential Vc of collector electrode node 3 rapidly rises when 
the discharging of carriers from the base region of bipolar 
transistor ET is completed. Thus, the period for which a tail 
current ?ows can be short, and a switching loss at the time of 
turn-off can be reduced, so that the fast operation can be 
achieved. In the on state (conductive state) of IGBT 2, a 
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8 
collector to emitter voltage Vce of bipolar transistor ET is 
suf?ciently low, and the low on-voltage can be achieved. 

During a transition state, e. g., in turn-off process, gate 
potential Vg2 attains the voltage level that is determined by 
parasitic capacitance Cd of diode element Di and gate capaci 
tance Cg of MOS transistor PQ. Gate potential Vg2 is at a 
level between emitter potential Ve and collector potential Vc. 
When the turn-off state is attained and IGBT 2 is in the off 

state (nonconductive state), diode element Di is in a reverse 
bias state. In this state, a leakage current of diode element Di 
and other cause gate potential Vg2 to attain ?nally the same 
level as emitter potential Ve. In an actual (practical) device 
structure, however, as will be described below, depending on 
a balance between the current ?owing between gate electrode 
node 6 and collector electrode node 3 and the voltages applied 
across gate capacitance Cg and a junction capacitance Cd, 
respectively, gate potential Vg2 is balanced and kept stably at 
a voltage level (e.g., a punch-through voltage) between emit 
ter potential Ve and collector potential Vc. 

Therefore, gate potential Vg2 of gate electrode node 6 of 
MOS transistor PQ can be set to a voltage level higher than 
emitter potential Ve, and the voltage applied across the gate 
insulating ?lm of MOS transistor PQ can be reduced, so that 
the gate insulating ?lm can be made thinner. In the noncon 
ductive state, the voltage applied to the gate insulating ?lm is 
low. Therefore, it is not necessary to maintain a long distance 
to a peripheral region (the electrode layer and others) for 
ensuring a withstanding voltage with respect to the peripheral 
region so that the occupation area of the element (cell) can be 
small. 

FIG. 3 schematically shows a sectional structure of the 
semiconductor device according to the ?rst embodiment of 
the invention. Referring to FIG. 3, the semiconductor device 
is formed on a P-type semiconductor substrate (semiconduc 
tor substrate region) 10. N-type semiconductor regions (?rst 
and second semiconductor regions) 12a and 12b are formed, 
being spaced from each other, at the surface of P-type semi 
conductor substrate region 10. 
A P-type semiconductor region (third semiconductor 

region) 13 is formed surrounding a part (lower region) of 
N-type semiconductor region 12a. In a planar layout (not 
shown) of this semiconductor device, the various regions are 
formed concentrically around an end LI on the right side of 
FIG. 3. Therefore, P-type semiconductor region 13 is 
described to be formed surrounding N-type semiconductor 
region 1211 in the structure described below. P-type semicon 
ductor region 13 has a function of discharging the holes to the 
emitter electrode node at the time of turn-off of the IGBT. 
A P-type semiconductor region (fourth semiconductor 

region) 14 is formed on P-type semiconductor region 13 and 
at a part of surface of N-type and semiconductor region 12a, 
and a heavily doped N-type impurity region (?rst impurity 
region) 15 is provided within P-type semiconductor region 
14. P-type semiconductor region 14 is formed surrounding 
N-type impurity region 15. An electrode layer (?rst electrode 
layer) 16 that serves as an emitter electrode connected to 
emitter electrode node 4 is formed in contact with both P-type 
semiconductor region 14 and N-type impurity region 15. By 
emitter electrode layer 16, the back gate and source of 
N-channel MOS transistor NQ shown in FIG. 1 are electri 
cally connected together to emitter electrode node 4. 
An electrode layer (second electrode layer) 18 that serves 

as a gate electrode connected to gate electrode node 7 is 
formed on the surface of P-type semiconductor region 14 with 
a gate insulating ?lm (?rst insulating ?lm) 17 formed in 
between. Gate insulating ?lm 17 and gate electrode layer 18 
are formed extending to a position above N-type semicon 
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ductor region 12a, and form a channel at the surface of P-type 
semiconductor region 14 between N-type impurity region 15 
and N-type semiconductor region 1211 in accordance with 
control voltage Vg1. 

P-type impurity regions (second and third impurity 
regions) 19a and 19b, spaced from P-type semiconductor 
region 14 and from each other, are formed at the surface of 
N-type semiconductor region 1211. An electrode layer (fourth 
electrode layer) 21 serving as gate electrode node 6 is formed 
on N-type semiconductor region 1211 between P-type impu 
rity regions 19a and 19b with a gate insulating ?lm (second 
insulating ?lm) 20 formed thereunder. An N-type impurity 
region (fourth impurity region) 22 is formed adjacent to 
P-type impurity region 19b. An electrode layer (third elec 
trode layer) 23, serving as a collector electrode connected to 
collector electrode node 3 shown in FIG. 1, is formed at the 
surface of P-type impurity region 1911. An electrode layer 
(fourth electrode layer) 24, serving as base electrode node 5 
shown in FIG. 1, is formed on the surfaces of both impurity 
regions 19b and 22. 
An N-type impurity region (?fth impurity region) 25 is 

formed within and at the surface of N-type semiconductor 
region 12b. An electrode layer (?fth electrode layer) 26, elec 
trically connected to gate electrode layer 21, is formed on the 
surface of N-type impurity region 25. Electrode layer 26 
corresponds to a cathode electrode of diode element Di shown 
in FIG. 1. When diode element Di is in the nonconductive 
state, punch-through occurs in P-type semiconductor region 
10 between N-type semiconductor regions 12a and 12b (i.e., 
punch-through breakdown occurs in the PN junction), and a 
punch-through voltage restricts the voltage applied to gate 
electrode layer 21. 

Speci?cally, when the voltage between N-type impurity 
region 22 and P-type semiconductor substrate region 10 
reaches the punch-through voltage, a depletion layer from 
N-type impurity region 22 reaches to semiconductor sub 
strate region 10, and a punch-through breakdown occurs in 
the PN junction at the surface of P-type semiconductor sub 
strate region 10. Also, when the depletion layer extends from 
the N-type impurity region 25 to reach semiconductor sub 
strate region 10, the punch-through breakdown occurs in the 
PN junction between N-type semiconductor region 12b and 
semiconductor substrate region 10. Through the punch 
through breakdown, an electric connection is made at the 
surface of P-type semiconductor substrate region 10 between 
N-type semiconductor regions 12a and 12b via the depletion 
layer, and the voltage produced from N-type impurity region 
22 is transmitted to gate electrode layer 21 via N-type impu 
rity region 25 and electrode layer 26, so that the lowering of 
gate potential Vg2 is suppressed. When gate potential Vg2 
rises, the channel resistance of the P-channel MOS transistor 
increases to lower the voltage level of N-type impurity region 
22, so that the punch-through breakdown disappears in the 
PN junction at the surface of semiconductor substrate region 
10, to stop the rise of gate potential Vg2. Thus, the voltage 
level of gate electrode layer 21 is kept at a voltage level, 
determined by the punch-through voltage, higher than emitter 
potential Ve of emitter electrode layer 16. 

In the structure shown in FIG. 3, N-channel MOS transistor 
NO is basically formed of P-type semiconductor region 14, 
N-type impurity region 15, gate insulating ?lm 17, electrode 
layer 18 and N-type semiconductor region (drift layer) 12a. 
N-channel MOS transistor NQ has the back gate formed of 
P-type semiconductor region 14, and the back gate and the 
source (impurity region 15) thereof are electrically connected 
with each other by electrode layer 16. 
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10 
P-channel MOS transistor PO is basically formed of P-type 

impurity regions 19a and 19b, N-type semiconductor region 
12a, gate insulating ?lm 20, and electrode layer 21. N-type 
semiconductor region 1211 serving as the back gate of P-chan 
nel MOS transistor PO is coupled to electrode layer 24 via 
N-type impurity region 22. This arrangement implements a 
structure in which the back gate and the drain of P-channel 
MOS transistor PQ are connected together to electrode layer 
24 electrically connected to base electrode node 5. 

Diode element Di is basically formed of N-type impurity 
region 25, N-type semiconductor region 12b, P-type semi 
conductor substrate region 10 and P-type semiconductor 
regions 13 and 14. The capacitance of the PN junction 
between N-type semiconductor region 12b and P-type semi 
conductor substrate region 10 is used for lowering the poten 
tial Vg2 of gate electrode node 6 through the capacitance 
division upon turn-off of the IGBT. 
PNP bipolar transistor ET is basically formed of P-type 

impurity region 19a, N-type semiconductor region 1211 and 
P-type semiconductor regions 13 and 14. N-type semicon 
ductor region 1211 functions as the base region of the bipolar 
transistor. 

In the structure shown in FIG. 3, upon the tum-on of the 
IGBT, control voltage Vg1 applied to electrode layer 18 is set 
to a positive voltage level, and a channel is formed at the 
surface of P-type semiconductor region 14 between N-type 
impurity region 15 and N-type semiconductor region 1211, so 
that electrons ?ow from emitter electrode layer 16 to N-type 
semiconductor region 12a. At this time, the holes ?ow from 
collector electrode layer 23 through P-type impurity region 
19a into N-type semiconductor region 12a.Accordingly, con 
ductivity modulation occurs in N-type semiconductor region 
12a, which in turn has the resistance value thereof lowered to 
cause a larger current ?ow in N-type semiconductor region 
12a. Responsively, the base current of bipolar transistor BT 
increases, and the bipolar transistor (ET) is turned on. Even 
when the potential of collector electrode layer 23 lowers upon 
the tum-on, the potential difference between P-type impurity 
region 1911 and gate electrode layer 21 is equal to or lower 
than threshold voltage Vthp of the P-channel MOS transistor, 
and the P-channel MOS transistor is kept off (nonconduc 
tive). Therefore, no adverse effect is exerted on the supply of 
holes from collector electrode layer 23 to N-type semicon 
ductor region 12a. 
At the time of this tum-on, impurity regions 19a, 19b and 

22 are at the potential level substantially equal to that of 
N-type semiconductor region 1211, and thus substantially 
equal to emitter potential Ve. Semiconductor substrate region 
10 is at the level of emitter potential Ve. The PN junction 
between N-type semiconductor region 12b and semiconduc 
tor substrate region 10 is in the reverse bias state, and diode 
element Di is kept off. 
At the time of the turn-off of IGBT, control voltage Vg1 to 

gate electrode layer 18 is set, e.g., to 0 V, and the channel 
(inversion layer) at the surface of P-type semiconductor 
region 14 disappears. Accordingly, the current ?owing path to 
N-type semiconductor region 1211 is shut off, and bipolar 
transistor BT transits into the tumed-off state. When the volt 
age Vc on collector electrode layer 23 rises, the potential 
difference between P-type impurity region 1911 and gate elec 
trode layer 21 exceeds threshold voltage Vthp of the P-chan 
nel MOS transistor, and the P-channel MOS transistor is 
turned on. A channel is formed at the surface of N-type 
semiconductor region 1211 between P-type impurity regions 
19a and 19b, so that P-type impurity region 19b absorbs the 
holes supplied from collector electrode layer 23 and the car 
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riers (holes) remaining in N-type semiconductor region 12a, 
and the supply of the holes to N-type semiconductor region 
1211 is cut off. 
When the discharge of the residual carriers (holes) remain 

ing in semiconductor region 1211 via emitter electrode layer 
16 is completed, the bipolar transistor is turned off, and the 
IGBT is turned off. In the off state, the PN junction betWeen 
N-type semiconductor region 1211 and P-type semiconductor 
substrate region 10 is set in a reverse bias state, and the 
depletion layer expands from P-type semiconductor substrate 
region 10 into N-type semiconductor region 12a, and ?nally 
reaches the surface of N-type semiconductor region 12a. 
Accordingly, the electric ?eld concentration at the surface of 
N-type semiconductor region 1211 is mitigated, to implement 
the high-breakdoWn (Withstanding)-voltage structure. 
Upon turn-off of the IGBT, the level of gate voltage Vg2 at 

gate electrode layer 21 is raised according to the rising of 
collector potential Vc through the capacitive coupling via the 
gate capacitance. In this operation, the capacitive coupling by 
the capacitance of the PN junction betWeen N-type semicon 
ductor region 12b and semiconductor substrate region 10 
restricts the rising of gate potential Vg2. When the voltage 
difference (V c-Vg2) becomes equal to or loWer than thresh 
old voltage Vthp, a channel is formed under gate electrode 
layer 21, and P-type impurity regions 19a and 19b and N-type 
semiconductor region 1211 attain the same potential via this 
channel, so that the supply of the holes to N-type semicon 
ductor region 1211 from collector electrode layer 23 is cut off. 

Through P-type impurity region 19b, base electrode layer 
24 and N-type impurity region 22, collector potential Vc is 
transmitted. Accordingly, the PN junction betWeen N-type 
semiconductor region 12a and semiconductor substrate 
region 10 enters a reverse bias state, and the punch-through 
breakdown occurs in the PN junctions betWeen N-type semi 
conductor regions 12a and 12b so that the punch-through 
state is established betWeen N-type semiconductor regions 
12a and 12b. This punch-through voltage suppresses the loW 
ering of the voltage level of control voltage Vg2, to maintain 
gate potential Vg2 at this voltage level. 

Gate potential Vg2 on gate electrode layer 21 is at a level 
betWeen the emitter potential (Ve) and the collector potential 
(Vc). Therefore, the voltage applied across gate insulating 
?lm 20, i.e., the difference betWeen the voltage on collector 
electrode layer 23 and control voltage Vg2 on gate electrode 
layer 21 is smaller than the collector-emitter voltage. There 
fore, the ?lm thickness of gate insulating ?lm 20 canbe small. 
Since it is possible to mitigate the voltage applied across gate 
insulating ?lm 20, it is not necessary to employ a structure for 
securing the Withstanding voltage, such as ensuring of a long 
distance betWeen collector and gate electrode layers 23 and 
21, or a large distance betWeen the gate and base electrode 
layers 21 and 24 as Well as a large distance betWeen the gate 
and collector electrode layers 21 and 23. Thus, the Whole 
layout area of the semiconductor device can be small. 
When the punch-through occurs betWeen N-type semicon 

ductor regions 12a and 12b according to the collector voltage 
applied from collector electrode layer 23, the punch-through 
voltage suppresses the loWering of the voltage level of control 
voltage Vg2. Therefore, the distance betWeen N-type semi 
conductor regions 12a and 12b is set to an extent causing the 
punch-through. 

According to the ?rst embodiment of the invention, as 
described above, the diode element is connected as the volt 
age mitigating element betWeen the gate and emitter elec 
trode nodes of the P-channel MOS transistor employed for 
reducing the turn-off loss. This structure can mitigate the 
voltage applied across the gate insulating ?lm of the P-chan 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
nel MOS transistor in turn off thereof, Without adversely 
affecting the on and off operations of the P-channel MOS 
transistor. Accordingly, the semiconductor device of a small 
occupation area, a high-Withstanding voltage structure and a 
loW loss can be implemented. 

Second Embodiment 

FIG. 4 shoWs an electrically equivalent circuit of a semi 
conductor device according to a second embodiment of the 
invention. The semiconductor device shoWn in FIG. 4 differs 
in folloWing structure from the semiconductor device accord 
ing to the ?rst embodiment shoWn in FIG. 1. A Zener diode 
ZDi is connected in a reverse direction betWeen base elec 
trode node 5 of bipolar transistor BT and gate electrode node 
6 of MOS transistor PQ. Zener diode ZDi has an anode 
connected to the cathode of diode element Di and to the gate 
electrode of MOS transistor PO, and has a cathode connected 
to base electrode node 5. 

Zener diode ZDi is a constant-voltage diode, and is turned 
on When a reverse bias voltage is applied thereto, to cause a 
voltage (Zener voltage) of a constant magnitude betWeen its 
base and gate electrode nodes 5 and 6. 

Other structures of the semiconductor device shoWn in 
FIG. 4 are the same as those of the semiconductor device 
shoWn in FIG. 1. The corresponding portions are allotted the 
same reference numerals, and description thereof Will not be 
repeated. 

FIG. 5 schematically shoWs a sectional structure of the 
semiconductor device shoWn in FIG. 4. The device structure 
shoWn in FIG. 5 differs from the cross sectional structure of 
the semiconductor device shoWn in FIG. 3. In N-type semi 
conductor region (?rst semiconductor region) 12a, a P-type 
impurity region (seventh impurity region) 28 is formed neigh 
boring N-type impurity region (fourth impurity region) 22, 
and a heavily doped N-type impurity region (sixth impurity 
region) 29 is formed at and in contact With a bottom of P-type 
impurity region 28. P-type impurity region 28 is connected to 
gate electrode layer 21 and cathode electrode layer 26 via an 
electrode layer 30. P-type impurity region 28 corresponds to 
an anode of Zener diode ZDi, and N-type impurity region 29 
corresponds to a cathode of Zener diode ZDi. OWing to impu 
rity regions 28 and 29, the Zener diode can be formed in 
N-type semiconductor region 1211 With a simple structure, and 
it is not necessary to arrange externally a Zener diode sepa 
rately. 

Other structures of the semiconductor device shoWn in 
FIG. 5 are the same as those of the semiconductor device 
shoWn in FIG. 3. The corresponding portions are allotted the 
same reference numerals, and description thereof Will not be 
repeated. 
As described above in connection With the ?rst embodi 

ment of the invention, at the time of the tum-off of IGBT 2, the 
punch-through is caused betWeen N-type semiconductor 
region 12b serving as the cathode of diode element Di and 
N-type semiconductor region 10 serving as the back gate of 
the P-channel MOS transistor, to suppress the loWering of the 
potential level of gate voltage Vg2. For enhancing the opera 
tion of the P-channel MOS transistor at the time of tum-off of 
the IGBT, i.e., for enhancing the operation of suppressing the 
How of holes into the base region (semiconductor region 1211), 
it is preferable that gate potential Vg2 is loWer. HoWever, 
excessively loW gate potential Vg2 may possibly cause the 
folloWing problem. When collector voltage Vc of collector 
electrode layer 23 rises, a large potential difference occurs 
betWeen P-type impurity region 1911 and gate electrode layer 
21, and the voltage applied across gate insulating ?lm 20 
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becomes excessively high, so that the withstanding charac 
teristics may be impaired. Further, when a relative potential 
difference between N-type semiconductor regions 12a and 
12b is large, the PN junction breakdown voltage cannot be 
secured, and the withstanding voltage of the IGBT may pos 
sibly lower. 

For avoiding the above problem, Zener diode ZDi is 
arranged. Speci?cally, when gate potential Vg2 lowers and 
the collector potential Vc rises to cause a large potential 
difference between base and gate electrode nodes 5 and 6, 
Zener breakdown of Zener diode ZDi suppresses the lowering 
of gate potential Vg2. 
More speci?cally, as shown in FIG. 5, base electrode node 

5 is connected to the back gate of the P-channel MOS tran 
sistor, or the base region of the bipolar transistor through 
electrode layer 24 and N-type impurity region 22, and is 
electrically connected to collector electrode layer 23 (collec 
tor electrode node 3) via P-type impurity region 19a. There 
fore, when gate potential Vg2 lowers, a reverse bias voltage is 
appliedbetween impurity regions 29 and 28 to cause the Zener 
breakdown at the PN junction between P- and N-type impu 
rity regions 28 and 29. Via this PN junction at which the Zener 
breakdown occurs, the current is supplied from N-type semi 
conductor region 1211 to gate electrode layer 21 (gate elec 
trode node 6) to raise the potential level of gate potential Vg2. 
Thus, the gate potential Vg2 is clamped at the voltage level 
that is lower than collector potential Vc by the Zener voltage. 
Thereby, at the time of tum-off of the IGBT, it is possible to 
suppress the application of a high voltage across gate insu 
lating ?lm 20 of the P-channel MOS transistor, and to prevent 
excessive increase of the potential difference between N-type 
semiconductor regions 12a and 12b, and the lowering of the 
breakdown voltage of the IGBT per se is suppressed. 

The voltage mitigating operation by diode element Di is 
substantially the same as that in the ?rst embodiment. 

According to the second embodiment of the invention, as 
described above, the constant-voltage diode (Zener diode) is 
connected between the base electrode node of the bipolar 
transistor and the gate electrode node of the P-channel MOS 
transistor. Thus, the following advantageous effect can be 
achieved, in addition to the advantageous effect of the ?rst 
embodiment. It is possible to suppress the increase in differ 
ence between the collector potential and the gate potential of 
the P-channel MOS transistor at the time of the tum-off of 
IGBT, and the withstanding voltage of the P-channel MOS 
transistor can be ensured. Also, it is possible to suppress 
deterioration of the breakdown characteristics of the IGBT 
itself due to the punch-through voltage. 

Third Embodiment 

FIG. 6 shows an electrically equivalent circuit of a semi 
conductor device according to a third embodiment of the 
invention. The semiconductor device shown in FIG. 6 differs 
in following structure from the semiconductor device accord 
ing to the second embodiment shown in FIG. 2. Speci?cally, 
Zener diode (constant-voltage diode) ZDi is connected 
between collector electrode node 3 and gate electrode node 6 
of the P-channel MOS transistor. Other structures of the semi 
conductor device shown in FIG. 6 are the same as those of the 
semiconductor device shown in FIG. 4. The corresponding 
portions are allotted the same reference numerals, and 
description thereof will not be repeated. 

Zener diode ZDi has an anode connected to gate electrode 
node 6 of MOS transistor PO and to the cathode of diode 
element Di, and has a cathode connected to collector elec 
trode node 3. 
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In the semiconductor device shown in FIG. 6, when a large 

difference occurs between collector potential Vc of collector 
electrode node 3 and gate potential Vg2 of gate electrode node 
6, Zener diode ZDi turns conductive to clamp gate potential 
Vg2 at the voltage level that is lower than collector potential 
Vc by the Zener breakdown voltage. Therefore, the semicon 
ductor device shown in FIG. 6 can achieve substantially the 
same effect as the second embodiment through the same 
operation as the device according to the second embodiment. 

Fourth Embodiment 

FIG. 7 shows an electrically equivalent circuit of a semi 
conductor device according to a fourth embodiment of the 
invention. The semiconductor device shown in FIG. 7 differs 
from the semiconductor device shown in FIG. 1 in the fol 
lowing structure. A PNP bipolar transistor (second bipolar 
transistor) BBD is connected between base electrode node 5 
of bipolar transistor BT and the cathode electrode of diode 
element Di. The PNP bipolar transistor BBD has a base and an 
emitter that are connected together to base electrode node 5, 
and has a collector that is connected to the cathode of diode 
element Di and gate electrode node 6 of P-channel MOS 
transistor PQ. Bipolar transistor BBD has the base and the 
emitter connected with each other, and equivalently operates 
as a diode with a collectorbeing an anode, and with a base and 
an emitter being a cathode. When gate potential Vg2 lowers, 
a reverse bias voltage causes punch-through between the 
collector and the emitter to suppress lowering of gate poten 
tial Vg2. 

Other structures of the semiconductor device shown in 
FIG. 7 are the same as those of the semiconductor device 
shown in FIG. 1. The corresponding portions are allotted the 
same reference numerals, and description thereof will not be 
repeated. 

FIG. 8 schematically shows a sectional structure of a semi 
conductor device shown in FIG. 7. The semiconductor device 
shown in FIG. 8 differs from the semiconductor device shown 
in FIG. 3 in the following structure. A P-type impurity region 
(sixth impurity region) 32 is formed, at the surface of N-type 
semiconductor region (?rst semiconductor region) 12a, adja 
cent to N-type impurity region (fourth impurity region) 22 
forming the base electrode of PNP bipolar transistor BT. In 
addition, P-type impurity region (seventh impurity region) 34 
is formed, spaced from P-type impurity region 32, at the 
surface of N-type semiconductor region 12a. An electrode 
layer (?fth electrode layer) 35 forming base electrode node 5 
of PNP bipolar transistor BT is electrically connected to 
P-type impurity region 19, N-type impurity region 22 and 
P-type impurity region 32. P-type impurity region 34 is elec 
trically connected to electrode layer (fourth electrode layer) 
21 forming gate electrode node 6 of the P-channel MOS 
transistor via an electrode layer 36. 

Other sectional structures of the semiconductor device 
shown in FIG. 8 are the same as those of the semiconductor 
device shown in FIG. 3. The corresponding portions are allot 
ted the same reference numerals, and description thereof will 
not be repeated. 

In the semiconductor device shown in FIG. 8, PNP bipolar 
transistor BBD is formed of P-type impurity region 32, 
N-type semiconductor region 12a, N-type impurity region 22 
and P-type impurity region 34. Speci?cally, bipolar transistor 
BBD has a base formed of N-type semiconductor region 1211 
and N-type impurity region 22, an emitter formed of P-type 
impurity region 32 and a collector formed of P-type impurity 
region 34. Electrode layer 35 interconnects the base and emit 
ter of bipolar transistor BBD. Owing to arrangement of 
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P-type impurity regions 32 and 34 at the surface of N-type 
semiconductor region 1211 with a space in between, bipolar 
transistor BBD can be formed with a simple structure, and 
therefore can be easily embedded. 

In the turn-off of IGBT 2, collector potential Vc rises. At 
this time, diode element Di lowers gate potential Vb2, and 
MOS transistor PQ enters the conductive state. Responsively, 
the potential of impurity regions 22 and 32 rise according to 
collector voltage Vc. In this operation, if gate potential Vg2 
excessively lowers to cause a potential difference between 
base electrode node 5 and gate electrode node 6 equal to or 
higher than the punch-through voltage, a depletion layer is 
formed between P-type impurity regions 32 and 34, and 
punch-through breakdown occurs in the PN junction between 
P-type impurity region 34 and semiconductor region 12a. 
Accordingly, lowering of the voltage level of gate potential 
Vg2 is suppressed according to the voltage applied via PMOS 
transistor PQ in the conductive state. 

This bipolar transistor BBD operates similarly to Zener 
diode ZDi in the third embodiment, to clamp gate potential 
Vg2 of gate electrode node 6. When gate potential Vg2 of gate 
electrode node 6 excessively lowers, the depletion layers 
between P-type impurity regions 34 and 32 are connected 
with each other, and punch-through breakdown occurs in the 
PN junction between impurity region 34 and N-type semi 
conductor region 1211. Thereby, the base/ emitter and collector 
are connected in bipolar transistor BBD, and the potential 
lowering of gate potential Vg2 is suppressed. In this opera 
tion, the punch-through phenomenon of bipolar transistor 
BBD, or the punch-through breakdown of the PN junction is 
used. The punch-through voltage can be adjusted by an impu 
rity concentration and a distance between impurity regions 32 
and 34. Further, the punch-through voltage can be set to a 
voltage level higher than the voltage level that causes the 
avalanche breakdown, as compared with the case of using the 
diode, and the potential level of gate potential Vg2 can be set 
to a voltage level lower than the voltage level in the case 
where the avalanche breakdown is utiliZed. 

In FIG. 7, PNP bipolar transistor BBD is used. However, an 
NPN bipolar transistor may be used for obtaining the above 
punch-through characteristics. When such NPN bipolar tran 
sistor is used, a base and a collector thereof are connected 
together to gate electrode node 6, and an emitter thereof is 
connected to base electrode node 5. Thereby, the level low 
ering of gate potential Vg2 can be suppressed, utiliZing the 
punch-through phenomenon at the PN junction. 

According to the fourth embodiment of the invention, as 
described above, the diode-connected bipolar transistor is 
connected between the base electrode node of the bipolar 
transistor of the IGBT and the gate electrode node of the 
P-channel MOS transistor. Thus, the following advantageous 
effect can be achieved in addition to the advantageous effects 
of the ?rst embodiment. Excessive lowering of the gate poten 
tial of the P-channel MOS transistor canbe prevented, and the 
withstanding voltage of the gate insulating ?lm of the P-chan 
nel MOS transistor can be ensured. The punch-through phe 
nomenon at the PN junction is utiliZed, and the adjustment 
can be performed based on the impurity concentrations of the 
P-type impurity regions and the semiconductor region as well 
as the distance between the emitter and collector impurity 
regions, and the punch-through voltage can be adjusted more 
accurately than the case where the avalanche breakdown or 
the Zener breakdown is used. In addition, the gate potential of 
the P-channel MOS transistor can be set to a low potential 
level, and the P-channel MOS transistor can be rapidly tran 
sited to the on state in the tum-off of the IGBT. 
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The operation and effect of diode element Di are substan 

tially the same as those in the ?rst embodiment. 

Fifth Embodiment 

FIG. 9 is an electrically equivalent circuit of a semiconduc 
tor device according to a ?fth embodiment of the invention. 
The semiconductor device shown in FIG. 9 differs from the 
semiconductor device shown in FIG. 7 in the following circuit 
con?guration. A diode-connected PNP bipolar transistor 
(second bipolar transistor) BBD2 is not connected between 
base electrode node 5 and gate electrode node 6, but is con 
nected between collector electrode node (?rst electrode node) 
3 and gate electrode node 6. PNP bipolar transistor BBD2 has 
a base and an emitter connected together to collector elec 
trode node 3, and has a collector connected to gate electrode 
node 6. 

Other con?guration of the semiconductor device shown in 
FIG. 9 is the same as that of the semiconductor device shown 
in FIG. 7. The corresponding portions are allotted the same 
reference numerals, and description thereof will not be 
repeated. 

In the con?guration of the semiconductor device shown in 
FIG. 9, when a large voltage difference is produced between 
collector potential Vc of collector electrode node 3 and gate 
potential Vg2 of gate electrode node 6, bipolar transistor 
BBD2 causes the punch-through phenomenon due to reverse 
bias thereof, to suppress the lowering of gate potential Vg2 by 
the punch-through voltage. Thereby, the lowering of gate 
potential Vg2 of P-channel MOS transistor PO is suppressed, 
and this embodiment can provide the same effect as the fourth 
embodiment. Speci?c operations of PNP bipolar transistor 
BBD2 are substantially the same as those of the fourth 
embodiment. Speci?cally, the PN junction between the base 
and collector causes the punch-through breakdown by the 
reverse bias voltage, to supply the current from collector 
electrode node 3 to gate electrode node 6. In this state, the 
voltage between collector and gate electrode nodes 3 and 6 
attains the level of the punch-through voltage. 
The operation and effect of diode element Di are the same 

as those of the ?rst embodiment. 

Modi?cation 

FIG. 10 shows an electrically equivalent circuit of a modi 
?cation of the semiconductor device according to the ?fth 
embodiment of the invention. The semiconductor device 
shown in FIG. 10 differs from the semiconductor device 
shown in FIG. 9 in the following circuit con?guration. PNP 
bipolar transistor BBD2 is replaced with an NPN bipolar 
transistor (second bipolar transistor) BBD3. A base and a 
collector of NPN bipolar transistor BBD3 are connected to 
gate electrode node 6, and an emitter thereof is connected to 
collector electrode node 3. 

Other con?guration of the semiconductor device shown in 
FIG. 10 is the same as that of the semiconductor device shown 
in FIG. 9. The corresponding portions are allotted the same 
reference numerals, and description thereof will not be 
repeated. 
The semiconductor device shown in FIG. 10 likewise uti 

liZes the punch-through phenomenon (the punch-through 
phenomenon at the PN junction) by the reverse bias voltage 
between the base and emitter of NPN bipolar transistor 
BBD3, for suppressing lowering of gate potential Vg2. There 
fore, the effect similar to that of the con?guration of the 
semiconductor device shown in FIG. 9 can be achieved. 
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According to the ?fth embodiment of the invention, as 
described above, the diode-connected bipolar transistor is 
connected betWeen the collector electrode node and the gate 
electrode node of the P-channel MOS transistor, and the 
punch-through phenomenon is used. The punch-through phe 
nomenon of a higher voltage can be caused, and the punch 
through voltage can be more accurately set, so that the poten 
tial of the gate electrode node can be controlled more reliably. 
Similarly to the ?rst embodiment, the breakdoWn character 
istics of the gate insulating ?lm can be maintained While 
maintaining the on/off characteristics of the P-channel MOS 
transistor. Further, this embodiment can implement substan 
tially the same effect as the ?rst embodiment. 

Sixth Embodiment 

FIG. 11 is an electrically equivalent circuit of the semicon 
ductor device according to a sixth embodiment of the inven 
tion. The semiconductor device shoWn in FIG. 11 uses, as 
voltage mitigating element 1, a P-channel Junction Field 
Effect Transistor (JFET) J Q1. Junction ?eld effect transistor 
J Q1 has a gate connected to base electrode node 5, and drain 
and source regions connected to emitter electrode node 4 and 
gate electrode node 6, respectively. In a junction ?eld effect 
transistor JFET, the source and drain regions are formed 
symmetrically, and in FIG. 11, the source and drain of junc 
tion ?eld effect transistor JQ1 are provided by any of the 
conduction nodes thereof. In the folloWing description, hoW 
ever, the node connected to gate electrode node 6 having a 
higher potential is referred to as the source node, and the node 
connected to emitter electrode node 4 is referred to as the 
drain node. 

Other con?guration of the semiconductor device shoWn in 
FIG. 11 is the same as that of the semiconductor device shoWn 
in FIG. 1. The corresponding portions are allotted the same 
reference numerals, and description thereof Will not be 
repeated. 

FIG. 12 schematically shoWs a sectional structure of the 
semiconductor device shoWn in FIG. 11. The semiconductor 
device shoWn in FIG. 12 differs from the semiconductor 
device shoWn in FIG. 3 in the folloWing structure. An N-type 
semiconductor region (second semiconductor region) 120 is 
formed, spaced from N-type semiconductor region (?rst 
semiconductor region) 12a, at the surface of semiconductor 
substrate region 10. A P-type impurity region (?fth impurity 
region) 40 is formed continuously extending from a part of 
the region of N-type semiconductor region 1211 onto a part of 
N-type semiconductor region 120. P-type impurity region 40 
is electrically connected to gate electrode layer (fourth elec 
trode layer) 21 via an electrode layer 42 formed at the surface 
of P-type impurity region 40. 

Other structures of the semiconductor device shoWn in 
FIG. 12 are the same as those of the semiconductor device 
shoWn in FIG. 3. The corresponding portions are allotted the 
same reference numerals, and description thereof Will not be 
repeated. 

In the sectional structure shoWn in FIG. 12, N-type impu 
rity region 22 serves as the gate electrode of P-channel junc 
tion ?eld effect transistor JQ1, and P-type semiconductor 
substrate region 10 betWeen N-type semiconductor regions 
12a and 120 under P-type impurity region 40 is used as the 
channel region of the P-channel junction ?eld effect transis 
tor. P-type impurity region 40 is used as the source region. 
N-type semiconductor regions 12a and 120 are arranged 
being spaced from each other, and P-type impurity region 40 
is arranged at the surface of semiconductor substrate region 
10 betWeen N-type semiconductor regions 12a and 12b. 
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Thereby, the embedded junction ?eld effect transistor can be 
implemented With a simple structure. 
At the time of turn-off of the IGBT, collector potential Vc 

of collector electrode layer 23 rises.According to the rising of 
collector potential Vc, the potential of gate potential Vg2 
Would rise through the gate capacitance. Gate electrode layer 
21 is coupled to P-type semiconductor substrate region 10 via 
source P-type impurity region 40, and the potential level of 
gate electrode layer 21 is suppressed. Accordingly, P-channel 
MOS transistor PQ turns conductive to set P-type impurity 
region 1911 and N-type semiconductor region 1211 to the same 
voltage level, and the supply of holes from collector electrode 
node 23 to N-type semiconductor region 1211 is cut off. Thus, 
PNP bipolar transistor ET is rapidly turned off. 

According to the rising of collector potential Vc, the poten 
tial of N-type semiconductor region 1211 rises, to reverse bias 
the PNjunctionbetWeen semiconductor region 1211 and semi 
conductor substrate region 10, so that the depletion layer 
expands in semiconductor substrate region 10 betWeen 
N-type semiconductor regions 12a and 120. In this state, until 
semiconductor substrate region 10 betWeen semiconductor 
regions 12a and 120 is fully depleted, P-type impurity region 
40 is connected to emitter electrode node 4 via P-type semi 
conductor regions 10 and 14, and gate potential Vg2 is held at 
the level of emitter potential Ve. During such period, PMOS 
transistor PO is held in the on state to interrupt the supply of 
the holes supplied from collector electrode node 3, into the 
emitter of the bipolar transistor and further to the base thereof. 

With the rising of collector potential Vc, the depletion layer 
expands in semiconductor substrate region 10. When P-type 
semiconductor substrate region 10 under P-type impurity 
region 40 is fully depleted, P-type impurity region 40 is 
isolated from P-type semiconductor substrate region 10. In 
this state, therefore, potential Vg2 of gate electrode layer 21 
starts to rise With the rising of collector potential Vc. Gate 
potential Vg2 rises to the voltage level determined by the gate 
capacitance of MOS transistor PO and the depletion layer 
capacitance of junction ?eld effect transistor JQ1. 
The punch-through voltage of the junction ?eld effect tran 

sistor is adjusted such that the depleting of the channel of 
junction ?eld effect transistor JQ1 occurs after the tum-on of 
P-channel MOS transistor PQ. The punch-through voltage, or 
the expansion of the depletion layer can be adjusted by adjust 
ing the distance betWeen semiconductor regions 12a and 120, 
the impurity concentrations of them and the impurity concen 
tration of P-type semiconductor substrate region 10. 

Thus, substantially simultaneous With turn off of IGBT 2, 
P-channel MOS transistor PO is also turned on, and gate 
potential Vg2 rises after the turn-off to prevent the application 
of a high voltage (collector-emitter voltage Vce) across gate 
insulating ?lm 20 of P-channel MOS transistor PQ. 

Modi?cation 

FIG. 13 schematically shoWs a sectional structure of a 
modi?cation of a semiconductor device according to the sixth 
embodiment of the invention. The semiconductor device 
shoWn in FIG. 13 differs from the semiconductor device 
shoWn in FIG. 12 in the folloWing structure. N-type semicon 
ductor regions (?rst and second semiconductor regions) 12a 
and 12e are formed, spaced from each other, at the surface of 
P-type semiconductor substrate region 10. A lightly doped 
P-type semiconductor region (?fth semiconductor region) 48 
is formed betWeen N-type semiconductor regions 12a and 
12e. A P-type impurity region (?fth impurity region) 50 is 
formed, being surrounded by P-type semiconductor region 
48, at the surface of P-type semiconductor region 48. P-type 
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impurity region 50 is electrically connected to gate electrode 
layer (fourth electrode layer) 21 via an electrode layer 52. 

N-type buried impurity regions (?rst and second buried 
semiconductor regions) 44 and 46 are formed, spaced from 
each other, betWeen N-type semiconductor region 1211 and 
P-type semiconductor substrate region 10 and betWeen 
N-type semiconductor region 12e and P-type semiconductor 
substrate region 10, respectively. N-type buried impurity 
regions 44 and 46 have much higher impurity concentrations 
than N-type semiconductor regions 12a and 12e and P-type 
semiconductor region 48. The distance betWeen these N-type 
buried impurity regions 44 and 46 is shorter than that betWeen 
semiconductor regions 12a and 12e. 

P-type semiconductor region 48 is continuously coupled 
With P-type semiconductor substrate region 10 via a region 
betWeen N-type embedded impurity regions 44 and 46. 
P-type semiconductor region 48 and semiconductor substrate 
region 10 betWeen N-type semiconductor regions 44 and 46 
are used as a channel region of junction ?eld effect transistor 
JQ1. P-type impurity region 48 is used as a source region. 
N-type impurity region 22, N-type semiconductor regions 
12a and 12e, and N-type buried impurity regions 44 and 46 
are used as the gates. In the structure shoWn in FIG. 13, the 
junction ?eld effect transistor can be embedded With a simple 
structure. 

Other structures of the semiconductor device shoWn in 
FIG. 13 are the same as those of the semiconductor device 
shoWn in FIG. 12. The corresponding portions are allotted the 
same reference numerals, and description thereof Will not be 
repeated. 

In the semiconductor device shoWn in FIG. 13, upon turn 
off of the IGBT, the depletion layer expands in P-type semi 
conductor substrate region 48 from N-type semiconductor 
region 1211 and N-type buried impurity region 44 With the 
potential rising of collector potential Vc. In this case, the PN 
junction is in a reverse bias state, and the depletion layer 
rapidly from heavily doped N-type buried impurity region 44 
into a region of a loWer impurity concentration, or into P-type 
semiconductor region 48 and semiconductor substrate region 
10. Before the punch-through state of the depletion layer is 
attained, gate electrode layer 21 is coupled to emitter elec 
trode layer 18 via electrode layer 52, P-type impurity region 
50, semiconductor region 48 and semiconductor substrate 
region 10, and the rising of gate potential Vg2 is suppressed. 
As collector potential Vc rises, the depletion layer expands 

in P-type semiconductor region 48 betWeen N-type buried 
impurity regions 44 and 46. When the depletion layer punches 
through betWeen heavily doped N-type buried impurity 
regions 44 and 46, junction ?eld effect transistor JQ enters a 
pinch-off state, and gate electrode layer 21 is isolated from 
emitter electrode layer 18. In this punch-through state of the 
depletion layer, the depletion layer is formed at a periphery of 
heavily doped N-type buried impurity regions 44 and 46, and 
the depletion layer does not reach P-type impurity region 50, 
so that P-type impurity region 50 is set into a state of being 
surrounded by the depletion layer. The voltage is applied 
across the depletion layer. In the pinch-off state, therefore, 
electric ?eld betWeen the depletion layer end (pinch-off 
point) and P-type impurity region 50 does not change, and the 
voltage at P-type impurity region 50 can be kept substantially 
constant. Thus, gate potential Vg2 can be held substantially at 
a constant level after P-channel junction ?eld-effect transistor 
JQ1 turns into the pinch-off state, and the voltage applied 
across gate insulating ?lm 20 can be kept substantially con 
stant. Thus, the Withstanding voltage of gate insulating ?lm 
20 can be ensured With the simple structure reliably. 
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As described above, in the sixth embodiment of the inven 

tion, the P-channel junction ?eld effect transistor is used as 
the voltage mitigating element, and such a phenomenon of 
causing the pinch-off through the expansion of the depletion 
layer in the channel region of ?eld effect transistor is used. 
Accordingly, upon turn off of the IGBT, the P-channel MOS 
transistor can be rapidly and temporarily set to the on state 
reliably, and then to the off state. Further, the voltage applied 
across the gate insulating ?lm can be mitigated, and the 
occupation area of the semiconductor device (cell) can be 
reduced While maintaining the Withstanding voltage, as in the 
?rst embodiment. 

Seventh Embodiment 

FIG. 14 shoWs an electrically equivalent circuit of the 
semiconductor device according to a seventh embodiment of 
the invention. The semiconductor device shoWn in FIG. 14 
differs from the semiconductor device according to the sixth 
embodiment shoWn in FIG. 11 in the folloWing con?guration. 
Diode element Di is further connected betWeen gate electrode 
node 6 and emitter electrode node 4 of P-channel MOS tran 
sistor PQ. Diode element Di has a cathode connected to gate 
electrode node 6, and an anode connected to emitter electrode 
node 4. Other con?guration of the semiconductor device 
shoWn in FIG. 14 is the same as that of the semiconductor 
device shoWn in FIG. 11. The corresponding portions are 
allotted the same reference numerals and description thereof 
Will not be repeated. 

FIG. 15 schematically shoWs a sectional structure of the 
semiconductor device shoWn in FIG. 14. The semiconductor 
device shoWn in FIG. 15 differs from the semiconductor 
device according to the sixth embodiment shoWn in FIG. 12 in 
the folloWing structure. N-type semiconductor region (sec 
ond semiconductor region) 12b is formed at the surface of 
semiconductor substrate region 10, being spaced from N-type 
semiconductor region (?fth semiconductor region) 120 form 
ing junction ?eld effect transistor JQ1. N-type impurity 
region (?fth impurity region) 25 is formed, being surrounded 
by N-type semiconductor region 12b, at the surface of N-type 
semiconductor region 12b. N-type impurity region 25 is elec 
trically connected to gate electrode layer (fourth electrode 
layer) 21 via electrode layer 26. N-type semiconductor 
regions 12a, 12b and 120 are spaced from each other, and the 
semiconductor substrate region is formed extending in 
betWeen, so that the structure embedding both the diode and 
the bipolar transistor can be implemented With a simple struc 
ture. 
As shoWn in these FIGS. 14 and 15, the structure of the 

semiconductor device according to the seventh embodiment 
of the invention is essentially equivalent to the combination of 
the semiconductor devices of the ?rst and sixth embodiments 
shoWn in FIGS. 1 and 11, respectively. Upon turn on of IGBT 
2, collector potential Vc of collector electrode node 3 rapidly 
loWers. In this state, the charges accumulated in the gate 
capacitance of P-channel MOS transistor PQ are discharged 
to emitter electrode layer 16 (emitter electrode node 4) via 
impurity region 40 of junction ?eld effect transistor JQ1, and 
MOS transistor PQ has the gate potential Vg2 transited to 
substantially the same level as emitter potential Ve so and 
responsively is turned off. 
When the resistance of the discharging path (P-type semi 

conductor substrate region 10 and P-type semiconductor 
regions 13 and 14) of P-channel junction ?eld effect transistor 
JQ1 is excessively large, discharging of the electric charges 
accumulated in the gate capacitance is sloWed doWn, and 
there may possibly be present a time period in Which gate 










